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Abstract 
The physical and thermal properties of the briquette were determined by varying rice straw and sugarcane leaves 
ratios of 100:0, 80:20, 50:50, 20:80 and 0:100 using molasses as the binding agent. The briquette-molasses to binder 
ratio of 100:50 was used. Ultimate and proximate analyses were carried out to determine the average composition of 
their constituents. The physical properties studied included species density, compressive strength and moisture 
content. Fuel properties were determined using standard laboratory methods. The result was indicated that the 
density, high heating value, and compressive strength were also tested. Results showed that fixed carbon was 9.06-
13.63%, volatile matter was 68.14-74.67%, ash content was 7.84-12.85%, and moisture content was 4.2-6.2%. 
Results from ultimate analysis showed that the content of C H O N S was follows; 38.6-43.2%, 5.4-6.2%, 34.5-
36.4%, 0.27-0.44% and 0.02-0.04%. The high heating value was in the range of 16.3-17.83MJ/kg. The density was in 
the range of 0.53-0.58kg/m3. The compressive strength was in the range of 32.4-44.7 kg/cm2. The briquette from rice 
straw: sugarcane leaves had optimum ratio at the ratio 50:50. The thermal properties and physicochemical 
characteristics of these wastes demonstrated that they are potential candidates to produce briquettes as fuel in several 
applications. 
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1. Introduction 
Energy resources are classified into two, namely renewable and non-renewable. The renewable are 
thought to be a better option since the non-renewable such as kerosene, diesel, gasoline etc have the 
capability not to be replenished and would be exhausted [1]. More so, the environmental impacts as a 
result of emissions of CO2, SO2, NOx etc during combustion of the non-renewable resources, prompted 
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the use of renewable for cooking and heating purposes. Out of the renewable sources of energy, 
agricultural waste is one of the most versatile. Energy from biomass which includes agricultural waste, 
has made the greatest contribution to national energy consumption in both developed and developing 
countries [2].  
The burning of the agricultural waste in loose form results in loss of fuel and widespread air 
pollution. However, briquetting the agricultural waste forestall the aforementioned problems. Agricultural 
waste briquettes have the following advantages over the loose ones, there is increase in the net calorific 
value per unit volume, the fuel is easy to transport and store, uniform in size and quality. 
Agricultural waste covers a wide range of different species which show large variation in 
composition and fuel characteristics [3]. However, the percentage composition of the combustible 
elements in the agricultural waste whether in loose form or briquette form are very low compare to fossil 
fuels [4]. Hence the low emissions of the oxides of the combustible elements. The emission of CO2 form 
the combustion of biomass (agricultural waste) is equivalent to the amount of CO2 absorbed during its 
growing cycle, so the net CO2 released is approximately zero by mass [5], [6], [7]. 
Biomass energy provides basic energy requirements for space heating, power generation and cooking 
and heating of rural and urban households' particularly in developing countries. It is the primary fuel for 
cooking close to 2.5 billion people, or 52 % of the population in developing countries [8]. Over half of 
these people live in India, China and Indonesia. Nevertheless, the proportion of the population relying on 
biomass is highest in sub-Saharan Africa. Without new policies, the number of people that rely on 
biomass fuels is expected to increase 2.6 billion by 2015, and 2.7 billion by 2030 due to population 
growth [9]. 
Biomass energy in Thailand is mainly consumed in 2 economic sectors: residential and commercial 
sector and manufacturing sector. In 2002, total final energy demand of charcoal and fuel wood was about 
11.94 million tons equivalent to 5.64 mtoe with an increasing rate of 1.8% from the past year. Residential 
and commercial sector consumed about 4.99 mtoe (about 88.48% of total charcoal and fuel wood 
demand) and the rest was fuel wood was consumed in manufacturing sector [10]. 
The aim of the present study was to determine to rice straw and sugarcane leaves ratios of 100:0, 
80:20, 50:50, 20:80 and 0:100 using molasses as the binding agent and to identify the briquette properties, 
such as physical properties, ultimate analyses, proximate analyses, density, compressive strength and high 
heating value. 
 
2. Experimental details and testing analysis 
2.1. Materials and Material Preparation 
The raw biomass rice straw and sugarcane leaves was dried for 3 days in open sunshine, and then it 
was used for briquetting. Particle sizes of rice straw and sugarcane leaves used for the study were 1 mm 
or less. Suitable raw material combinations were made for briquetting process by manually. Then it is 
used as a input for briquetting machine to produce briquetted sample. Briquettes were prepared by adding 
molasses binder ratio of 100:50 in each selected biomass sample. The materials were combined at mixing 
proportions: 100:0, 80:20, 60:40, 50:50, 40:60, 20:80 and 0:100 (Rice straw: Sugarcane leaves).  
2.2 Physical Properties 
2.2.1 Moisture Content  
The moisture content of biomass was measured by oven dry method. Initially the sample with the 
known weight was kept in oven at 105 ºC for one hour. Then the oven dry sample weighed (ASTM D-
3173). The moisture content of sample calculated by using following formula:  







 u      (1) 
 
Where  W1 = weight of crucible (g), 
W2 = weight of crucible+sample (g),  
W3 = weight of crucible+sample, after draying (g) 
 
2.2.2 Bulk density 
The bulk density of material was determined as per the standard procedure. A cylindrically shaped 
container of 1000 ml (1000 cm3) volume was used for determination. The container was weighed empty 
to determine its mass and then it was filled with the sample and weighed once again. The bulk density 
was determined by dividing the mass of the material by the volume of the container. The bulk density was 





Mass of biomass sample g
Bulk density
Volumeof measuring cylinder cm
    (2) 
 
2.2.3 Compressive strength 
A sample of briquette to be tested was placed horizontally in the compression test fixture and a load 
was applied at a constant rate of 0.305 mm/min until the briquette failed by cracking. The compressive 
strength in cleft was then computed as follows: 
1 2 3
3 int ( )
Compressive strength in cleft
( ( ) ( ) ( ))
Theload fracture po N
l mm l mm l mm
u    (3) 
 
Where 1l , 2l  and 3l  were lengths (mm) of briquettes at points one, two and three respectively. 
2.3 Proximate Analysis 
2.3.1 Percentage volatile matter (PVM)  
The percentage volatile matter (PVM) was determined by pulverising 2 g of the briquette sample in a 
crucible and placing it in an oven until a constant weight was obtained. The briquettes were then kept in a 
furnace at a temperature of 550°C for 10 min and weighed after cooling in a dessicator. The PVM was 





 u       (4) 
where  A is the weight of the oven-dried sample (g) 
 B is the weight of the sample after 10 min in the furnace at 550°C (g) 
 
2.3.2 Percentage ash content (PAC)  
The percentage ash content (PAC) was also determined by heating 2 g of the briquette sample in the 
furnace at a temperature of 550°C for 4 h and weighed after cooling in a dessicator to obtain the weight of 
ash (C). The PAC was determined using Equation 5: 





 u       (5) 
 
2.3.3Percentage fixed carbon (PFC)  
The percentage fixed carbon (PFC) was computed by subtracting the sum of PVM, PAC and PMC 
from 100 as shown in Equation 6: 
100% ( )PFC PAC PMC PVM       (6) 
 
2.4 Ultimate Analysis 
Estimation of important chemical elements that make up biomass, namely carbon, hydrogen, oxygen, 
nitrogen and sulphur were determined through ultimate analysis. These properties were determined in 
accordance with ASTM analytical methods as prescribed by Jenkins et al. (1998) [11]. The calorific value 
of the samples was determined using a bomb calorimeter in accordance with ASTM E711-87 (2004) [12]. 
Density of the briquettes was calculated from the ratio of the mass to the volume of briquette in 
accordance with the method used by Rabier et al. (2006) [13]. 
 
2.5 Gross Calorific Value 
The gross calorific value of the samples of biomass materials was determined in accordance with [14]. 
This was done using an adiabatic bomb calorimeter. About 0.4 g of each sample was burnt in the bomb 
calorimeter until complete combustion was obtained. The difference between the maximum and minimum 
temperatures obtained was used to compute the gross calorific values of the biomass materials as follows: 
2 1( )( )water cal
f
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Where: Q  = Calorific value of species (kJ/kg) 
Wf  = Weight of the biomass material sample (kg) 
Ccal  = Heat capacity of the bomb calorimeter (kJ/kg˚C) 
T2–T1  = Rise in temperature (˚C) 
Cwater  = Heat capacity of water (kJ/kg˚C) 
3. Results and discussions 
3.1 Physical Properties 
3.1.1 Bulk density 
It was observed from the Fig. 1 that the maximum bulk density was found 0.59 g/cm3 in rice straw: 
sugarcane leaves (50:50). The lowest bulk density was found 0.54 g/cm3 in rice straw: sugarcane leaves 
(80:20). The density of briquette fuels are increasing with the increase for containing rice straw and 
sugarcane leaves. Briquette fuels are replaced by sugarcane leaf to compression of density higher than 
replaced by rice straw. Similarly when higher density materials i.e. rice straw and sugarcane leaves were 
used in more proportion i.e. 50% the bulk density of briquette was found higher. 
 
3.1.2 Compressive strength 
The Fig. 1 shows that the compressive strength of mixed raw biomass was found to be in the range of 
32.4 to 44.7 kg/cm2. The lowest compressive strength was found 32.4 kg/cm2 in rice straw: sugarcane 
leaves (100:0). The maximum compressive strength was found 44.7 kg/cm2 in rice straw: sugarcane 
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leaves (50:50). Briquette fuels are replaced by sugarcane leaf to compression of compressive strength 
higher than replaced by rice straw. Similarly when higher density materials i.e. rice straw and sugarcane 
leaves were used in more proportion i.e. 50% compressive strength of briquette was found higher. 
3.1.3 Moisture Content  
The Table 1 shows that the moisture content of mixed raw biomass was found to be in the range of 
4.42 to 8.14%wb. The lowest moisture content was found 4.42 %wb. in rice straw: sugarcane leaves 
(50:50). The maximum moisture content was found 8.14%wb. in rice straw: sugarcane leaves (100:0). 
The moisture content of briquette fuels are decreasing with the increase for containing rice straw and 
sugarcane leaves. The lower amount of moisture may be due to removal of moisture from biomass due to 
























































Fig. 1. The compressive strength and bulk density of briquette fuels from rice straw and sugarcane 
leaves by mixing molasses. 
3.2 Proximate Analysis 
The materials were combined at mixing proportions: 100:0, 80:20, 60:40, 50:50, 40:60, 20:80 and 
0:100 (Rice straw: Sugarcane leaves). Briquettes were prepared by adding molasses binder ratio of 100:50 
in each selected biomass sample. The values for volatile matter; fixed carbon and ash content were almost 
same as that of original raw biomass. The small change observed was may be due to non-homogeneous 
mixed of raw biomass. The Fig. 2 shows the volatile matter of mixed raw biomass material was found to 
be in the range of 68.18 to 74.67% and ash content was found to be in the range of 7.84 to 12.85%. The 
fixed carbon was found to be in the range of 9.06 to 13.63%. Maximum fixed carbon was found 13.63 in 
rice straw: sugarcane leaves (50:50), volatile matter was found 74.67% in rice straw: sugarcane leaves 
(50:50) and ash content was found 12.85% in rice straw: sugarcane leaves (50:50) respectively.  
 Pongsak Jittabut /  Energy Procedia  79 ( 2015 )  2 – 9 7
 
 
Fig. 2. Proximate analysis of the briquettes in weight percentage. 
 
3.3 Ultimate Analysis and gross calorific value  
The Table 1 shows the gross calorific value of mixed raw biomass was found to be in the range of 
16.33 to 17.83MJ/kg. The maximum calorific value was found 17.83 MJ/kg in rice straw: sugarcane 
leaves (50:50) combination. The lowest calorific value was found 16.33 MJ/kg in rice straw: sugarcane 
leaves (100:0) combination. The decrease in calorific value may be due to the blending of biomass and 
the addition of calcium hydroxide, a non-combustible substance and the starch used as binder which does 
not contribute to the total heat value released. 
The composition of the ash-free organic component of biomass is relatively uniform. The major 
components are carbon, oxygen, and hydrogen. Most biomass also contains a small proportion of nitrogen 
and sulphur. Table 1 presents the average range of percentages. The Carbon (C), Hydrogen (H), Oxygen 
(O), Sulphur(S) and Nitrogen (N) determination in biomass represents the so called elementary analysis. 
These elements are detected by an elemental analyzer. The resulting composition of biomass affects its 
combustion characteristics as the total overall mass of the fuel decreases during the volatile combustion 
phase of the combustion process, as the hydrogen to carbon ratio of the fuel increases and, to a lesser 
extent, as the oxygen to carbon ratio increases. Nitrogen and Sulphur are significant in the formation of 
harmful emissions and have an effect on reactions forming ash. The Sulphur and Nitrogen contents 
reported which are below 1% is a welcome development as there will be minimal release of sulphur and 
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Table 1. Ultimate Analysis and gross calorific value of dry briquetted samples 
 
Treatments  Gross calorific 
value (MJ/kg) 
N (%)  H (%)  C (%) O (%) S (%) 
Rice straw: Sugarcane leaves (100:0) 16.33 0.34 5.6 38.7 36.4 0.02 
Rice straw: Sugarcane leaves (80:20) 16.95 0.32 5.7 39.6 35.6 0.04 
Rice straw: Sugarcane leaves (60:40) 17.01 0.27 5.8 41.6 35.2 0.03 
Rice straw: Sugarcane leaves (50:50) 17.83 0.37 6.2 43.2 34.5 0.03 
Rice straw: Sugarcane leaves (40:60) 16.99 0.41 5.6 42.5 35.5 0.04 
Rice straw: Sugarcane leaves (20:80 17.05 0.44 5.4 41.5 36.2 0.03 
Rice straw: Sugarcane leaves (0:100) 16.43 0.36 5.6 38.6 35.9 0.02 
 
2. Conclusions 
The following conclusions can be drawn from this research: 
1. For briquette quality control, the physical parameters, such as density, moisture content and 
compressive strength, were found to be the best indicator of additive quality. 
2. The physico-chemical characteristics of the briquette assessed in this study showed that briquettes 
manufactured from rice straw: sugarcane leaves (50:50) had low moisture content (4.22%), high calorific 
value (17.83MJ/kg) and low ash content (9.07%). There is also an indication that the briquette will be 
environmentally friendly due to the low sulphur (0.02%) and nitrogen (0.27%) contents observed. 
3. A part from that proximate analysis and calorific value tests will so help us to give answer to some 
of the questions regarding the fuel such as whether it produces too much harmful fly ash and unwanted 
gases which are general indoor air pollutants many households and effectiveness of the fuel in terms of 
heat value. A fuel without heat value would be useless as a lot of fuel will be needed during use for its 
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